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Assessment of the spatial distributions of total- and
methyl-mercury and their relationship to sediment
geochemistry from a whole-lake perspective
J. Rydberg,1 P. Rosén,2 L. Lambertsson,3 F. De Vleeschouwer,1,4 S. Tomasdotter,1
and R. Bindler1
[1] The aim of this study was to determine the spatial variability for total- and
methylmercury in surface sediments (0–2 cm) across a single whole-lake basin,
and to relate this variability to the sediment’s geochemical composition. 83 surface
sediment samples from Stor-Strömsjön – a lake with multiple sub-basins located in
northern Sweden – were analyzed for geochemical composition as well as total-mercury
(total-Hg) and methylmercury (methyl-Hg; 35 samples) concentrations. Our results
indicate that variations in fine-grained mineral matter (36%) and organic matter (34%)
explain an equal amount of the total-Hg variation, but that their relative importance varies
between different parts of the lake. Total-Hg concentrations were similar in locations
controlled by organic matter or fine-grained mineral matter (average 109 ng g1);
however, total-Hg inventories (mass per unit area) were significantly higher in the latter
(35 and 53 mg m2, respectively). Methyl-Hg concentrations are largely (55% of variance)
controlled by water depth and sulfur concentration, which supports the importance of
within lake methylation reported from other studies. Both for concentrations and
inventories the spatial distribution for methyl-Hg in surface sediments is patchy, and
interestingly the highest methyl-Hg inventory (1.4 mg m2) was found in a shallow
location with coarse-grained minerogenic sediment (very low organic matter). A large
spatial variability, even within a single lake, is something that needs to be recognized,
e.g., when studying processes affecting mercury cycling, mercury loadings and when
using lake sediments to reconstruct historic mercury deposition.
Citation: Rydberg, J., P. Rosén, L. Lambertsson, F. De Vleeschouwer, S. Tomasdotter, and R. Bindler (2012), Assessment of the
spatial distributions of total- and methyl-mercury and their relationship to sediment geochemistry from a whole-lake perspective,
1. Introduction
[2] Mercury (Hg) and its cycling has been studied from a
wide range of different perspectives, and the research com-
munity currently possesses a broad knowledge on the
behavior of Hg in the environment. In brief: Hg is largely
added to the environment through atmospheric deposition
upon the terrestrial landscape [Hines and Brezonik, 2007;
Lindqvist et al., 1991]. Because Hg has a high affinity for
organic matter, Hg storage in soils and transport to streams
and lakes are largely coupled with that of organic matter
[Gabriel and Williamson, 2004; Skyllberg et al., 2006].
Upon entering lakes a large part of the Hg is accumulated in
sediments [Hines and Brezonik, 2007]; these sediments can
be used as archives to reconstruct Hg deposition history
[Bindler et al., 2001a; Fitzgerald et al., 1998; Phillips et al.,
2011; Swain et al., 1992] and to calculate Hg budgets for the
lake and its catchment [Fitzgerald et al., 2005; Yang et al.,
2002]. Under anoxic conditions, for example, in mires,
hypolimnic waters and sediments, Hg can be methylated
[Branfireun et al., 1999; Eckley and Hintelmann, 2006;
Gilmour et al., 1992]. The methylated Hg can then readily
enter the food-web and be enriched in higher trophic levels
[Benoit et al., 2003; Ullrich et al., 2001]. However, even
with this extensive knowledge it has proven difficult to fully
account for variations in Hg and methyl-Hg (MeHg) within
and between lakes, both in sediments and in fish [Rypel
et al., 2008; Wiener et al., 2006].
[3] One aspect that is rarely fully considered is spatial
variability in total-Hg and methyl-Hg accumulation within
single lakes. Except for lakes with very small catchment to
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lake area ratios, Hg is largely added to the environment
through deposition of inorganic Hg on the terrestrial part of a
lake’s catchment, and over time some of this Hg is trans-
ported from the catchment to the lake [Hines and Brezonik,
2007; Lindqvist et al., 1991]. In the boreal landscape this
transport is generally assumed to be tightly coupled with the
transport of organic matter [Benoit et al., 2003; Gabriel and
Williamson, 2004; Skyllberg et al., 2006]. Upon entering the
lake a governing assumption for the within-lake distribution
of organic matter, and hence also Hg, is that it is controlled
by sediment focusing [Likens and Davis, 1975]. This gen-
eralized model for sedimentation describes a preferential
transport of light, fine-grained material such as organic
matter from shallower to deeper areas of a lake [Håkanson
and Jansson, 1983; Likens and Davis, 1975], and the main
drivers are considered to be basin slope, water depth and
wave action [Blais and Kalff, 1995; Rowan et al., 1992].
However, not all lakes seem to fully comply with this gen-
eralized model. In part this can be explained by catchment
characteristics having a significant effect on the quality and
amount of the organic matter accumulated at nearshore
locations [Korsman et al., 1999]. It has also been shown that
shallow-water vegetation [Benoy and Kalff, 1999], complex
basin morphometry (e.g., multiple basins and islands) and
prevailing wind directions [Bindler et al., 2001b] can have a
strong influence on the spatial distribution of organic matter
as well as Hg and lead (Pb).
[4] Because methylation is primarily a microbially medi-
ated process, the formation of methyl-Hg in the sediment is
determined by, for example, available Hg, number of viable
methylating bacteria cells, presence of suitable substrate and
the chemical conditions [Benoit et al., 2003; Ullrich et al.,
2001]. Hence, if the sediment - both its organic and inor-
ganic fractions - is spatially variable then methylation, and
thus, methyl-Hg concentrations will also likely vary greatly
across the lake bottom. This spatially variable in situ net
production of methyl-Hg will then be superimposed on the
spatially variable inputs of methyl-Hg to the sediment from
other sources (e.g., terrestrial or water column [Branfireun
et al., 2005; Eckley and Hintelmann, 2006]). Taken together
this suggests that the spatial distribution for methyl-Hg can
be very complex in lakes, which might have important
implications for Hg bioavailability in different parts of the
lake [Chételat et al., 2011].
[5] The spatial distribution of Hg in whole-lake basins has
previously been studied both from the perspective of under-
standing total-Hg mass balance at a catchment or regional
scale [Fitzgerald et al., 2005; Swain et al., 1992; Yang et al.,
2002] and to investigate the relation between total- and
methyl-Hg and other sediment variables, for example,
organic matter, grain size, lake-basin morphometry, pH and
redox conditions [Croston et al., 1996; Ethier et al., 2010;
Feyte et al., 2011; Kainz and Lucotte, 2006; Rhoton and
Bennett, 2009]. However, for most studies a relatively low
number of sampling sites were used (n = 1–17), and most
often these sites were distributed along a single transect from
shallow to deep waters. The combination of a low sample
number and the exclusion of, for example, shallow embay-
ments introduce a risk of not capturing the true range of
spatial variability in the studied lakes [cf. Bindler et al.,
2001b; Korsman et al., 1999; Rippey et al., 2008]. In the
rare occasion where a large number of samples (50) have
been used [Rada et al., 1993], the selected study sites were
small lakes with simple basin morphometry, something that
might oversimplify the observed patterns. In most studies
there is also a tendency to focus on the organic fraction of the
sediment, and thus, neglecting the inorganic fraction, which
can be of large importance in determining, for example, the
Hg bioavailability [Gabriel and Williamson, 2004].
[6] In the present study we aimed to take one step back and
revisit fundamental questions of how the solid phase sedi-
ment composition - and especially total-Hg and methyl-Hg -
varies spatially across a complex lake basin. Our specific
research questions were: (i) How variable is the sediment
composition within a single lake? (ii) What are the distribu-
tion patterns for total-Hg and methyl-Hg across the lake
basin? (iii) Can the distribution of total-Hg and methyl-Hg be
linked to the physical (i.e., bulk density and water depth) and
geochemical properties (concentrations for 28 major and
trace elements) of the sediment material, and if so, what are
the most important links?
[7] In order to achieve our objective we collected surface
sediment samples across the whole basin of the lake Stor-
Strömsjön, a small boreal lake with two basins located in
northern Sweden. We measured total- and methyl-Hg and
characterized the geochemical composition of the sediment
matrix using elemental analysis, wavelength dispersive X-ray
florescence spectrometry (WD-XRF) and Fourier-transform
infrared spectrometry (FTIRS). Finally the Hg data were
coupled with the geochemical data and subjected to explor-
atory multivariate statistics (cluster analysis and principal
component analysis (PCA)). These statistical tools help us to
see beyond individual elements and thereby treat the sedi-
ment matrix as a complex unit that can be related, statisti-
cally, to the total-Hg and methyl-Hg distributions.
2. Materials and Methods
2.1. Study Site
[8] Stor-Strömsjön (6407′N, 1914′E, 209 m.a.s.l) is a
relatively small, dimictic lake situated in northern Sweden,
approximately 60 km NW of Umeå. Mean annual air tem-
perature for the area is 3C (SMHI). The area consists of
old, slow-weathering metamorphic bedrock covered with
poorly sorted glacial till (www.sgu.se). The catchment area
is 93 km2 and consists of a mixture of managed coniferous
forest, mires and lakes. Human activities in the catchment
consist of forestry, with a number of small gravel roads
crossing through the area, and some small settlements, which
include smaller parcels of agricultural land (Figure 1).
[9] Stor-Strömsjön has a lake area of 3.5 km2, which is
divided into two main basins: a smaller and shallower east-
ern basin (1.1 km2; maximum depth 4.2 m) and a larger and
deeper western basin (2.4 km2). The western basin can be
sub-divided further into two sub-basins, one larger section in
the northern end (maximum depth 8.2 m), and a smaller
section in the southern end (maximum depth 11.8 m),
hereafter referred to as the northwestern and southwestern
basins, respectively. While smaller streams and ditches feed
into the eastern and southwestern basins, the main inlet,
which drains 64% of the lake’s catchment, feeds into the
northwestern basin. The only outlet is located on the south-
eastern end of the eastern basin and it has a small dam that
has raised the water level of the lake by about 0.5 m.
2.2. Sampling
[10] Surface sediment samples from Stor-Strömsjön were
collected in January 2009. A Geodolite total station was used
to mark a 200 by 200 m grid on the lake ice, resulting in 85
potential sample locations. Two locations were removed
because the sediment was too compact for sampling (F2 and
G13), thus yielding a total of 83 sample locations.Water depth
was recorded for each location, and the slope at each location
was thereafter modeled using ArcGIS (www.esri.com). At
each location the top 2 cm of the sediment was sampled using
a HTH-gravity corer [Renberg and Hansson, 2008]. A 0–2 cm
sample provides enough material (2 g) for the analyses used,
but at the same time it restricts the period during which the
sediment has accumulated as much as possible. This is
important for two reasons: first, a thin sample reduces the
effect of differences in sediment accumulation rate across the
lake basin, and second, a thin sample represents sediments in
close connection with the water column that are more relevant
for biogeochemical cycling of elements. Even so it is neces-
sary to keep inmind that the top 2 cm of the sediment represent
different time spans in different locations, and thus, it might be
more or less affected by temporal changes in the Hg-loading.
The samples were transferred in the field into new polypro-
pylene boxes with polyethylene lids. In the lab all samples
were weighed, freeze-dried, re-weighed to calculate dry bulk
density (B.D.), and then homogenized and powdered prior to
further analysis. The samples were stored in a dark freezer
(20C) both before and after freeze drying to minimize any




[11] A Bruker Tiger S8, WD-XRF analyzer was used to
determine the elemental concentrations of selected major
(Na, Mg, Al, Si, K, Ca, P, S, Mn, Fe) and trace elements (Cl,
Sc, Ti, V, Cr, As, Br, Y, Zr, Ni, Cu, Zn, Rb, Sr, Ba, Pb) in all
83 samples. About 2 g of powdered sediment material was
analyzed and elemental concentrations were calculated using
a calibration method specifically designed for lake sediments
(modified from De Vleeschouwer et al. [2011]). Lower
limits of detection (LLD) range from a few ppm for most
trace elements to a few tens of ppm for major elements.
Accuracy –assessed using 10 different CRM’s – was within
10% for K, Ca, Al, Si, Ti, Mn, Rb, Sc, Cl, Y, Cu, Zn, Ni
and V, 10–17% for Na, Fe, Ba, Sr, Zr, S, As and Pb, and
above 20% for Mg, Br, P and Cr. However, for most ele-
ments the reproducibility for replicate samples (n = 3) is
within 5%, with the exception of Sc, Br, As and Cr, which
have reproducibilities of 8, 10, 36 and 12%, respectively.
Figure 1. Maps of Stor-Strömsjön and its surroundings. (a) The location of Stor-Strömsjön in Scandina-
via. (b) A schematic map over the Stor-Strömsjön catchment with lakes, mires and larger streams indi-
cated. The wind rose indicates the predominant wind directions. (c) An aerial photograph of the lakes
immediate surrounding combined with a bathymetric map over the lake where the 83 sample locations
have been marked. Contour intervals in the bathymetric map are 2 m.
Values for LLD, accuracy and reproducibility are provided
in the auxiliary material.1
2.3.2. Carbon and Nitrogen
[12] C and N concentrations were determined simulta-
neously using a Perkin Elmer 2400 Series II CHNS/O-ana-
lyzer (operated in CHN-mode). The accuracy of reference
samples (n = 28) was within 10% and sample replicates
(n = 24) were always within 10% of each other. The C and
N concentrations are reported as percent of sediment dry
mass, and due to the non-calcareous bedrock in the area,
total C can be considered to be equal to organic C. This
assumption was also supported by the FTIRS spectra, where
no peaks appear in spectral regions known to be associated
with carbonates [Rosén et al., 2010].
2.3.3. FTIRS
[13] As a complement to the more traditional WD-XRF
and elemental analysis, we also subjected the samples to
FTIRS analysis. FTIRS uses the mid-infrared region and is
sensitive to both inorganic constituents (primarily Fe, Mn, Si,
carbonates and clay minerals), as well as, organic matter
[Belzile et al., 1997; Farmer, 1974]. In this study FTIRS is
primarily used to infer biogenic silica (BSi) and to assess
whether there are any differences in organic matter quality
between different parts of the lake, however, it is also used as
supportive data for the data obtained with WD-XRF analysis.
[14] FTIRS analysis followed the procedure of Vogel et al.
[2008]. In brief: The sediment was mixed with potassium
bromide (KBr, Spectroscopic grade, Fisher Scientific), and
FTIR spectra were obtained under vacuum using a Bruker
IFS 66v/S FTIR spectrometer (Bruker Optik GmbH, Ger-
many) equipped with a diffuse reflectance accessory (Harrick
Inc., USA). FTIR spectra were obtained between 400 and
3750 cm1. All spectra were baseline corrected using two
points, i.e., 2200–2210 and 3750 cm1 in order to reduce the
effect of possible instrumental drift.
2.3.4. FTIRS Inferred Biogenic Silica
[15] Biogenic silica (BSi) has a different FTIRS signature
as compared to geogenic Si [Gendron-Badou et al., 2003],
and Rosén et al. [2011] have developed a method for infer-
ring BSi from the FTIR spectra. In brief: The FTIR spectra
of 816 sediment samples with known BSi concentrations
(ranging from 0 to 55% as determined according to the
method ofMüller and Schneider [1993]). Using the software
SIMCA-P 10.0 (Umetrics AB, SE-907 19 Umea, Sweden),
a 4-component PLS model including spectral regions with
known molecular vibrations of BSi (435–480, 790–830 and
1050–1280 cm1) was developed [Gendron-Badou et al.,
2003]. The model between the conventionally measured
BSi and FTIRS-inferred BSi shows a cross-validated pre-
dictive power (Rcv) of 0.93.
2.3.5. Mercury
[16] Total-Hg concentrations were determined using a
Leco AMA 254-analyzer (thermal decomposition-atomic
absorption spectrometer). Calibration was based on analyses
of different weights (20–200 mg) of MESS-3 (National
Resources Canada, certified value 91  9 ng g1). CRMs
were included along with the samples, and were within their
respective certified ranges and all sample replicates (n = 23)
were within 10%.
2.3.6. Methylmercury
[17] Based on theWD-XRF results, a sub-set of 35 samples
was selected for methyl-Hg analysis. In the selection proce-
dure the aim was to retain as much as possible of the vari-
ability in the entire 83-sample data set, and also to have a
reasonable spatial coverage within the lake basin. Methyl-Hg
was analyzed according to the isotope dilution method
described in Lambertsson et al. [2001]. The method precision
was 5% RSD, based on replicate sample analyses (n = 3), and
the method detection limit was 0.03 ngMeHg g1, calculated
as 3-times the standard deviation (3s) of the blank.
2.4. Statistical Analysis
[18] All statistical analyses of the Stor-Strömsjön data were
done using the SPSS software package PASW, version 18.0
(www.spss.com). Bi-variate correlation coefficients (r) were
calculated as 2-tailed Pearson correlations and only correla-
tions significant at the 0.05-level or above are reported. To
distinguish bi-variate correlations from PC-loadings, which
are reported as percent of variance explained, the correlation
coefficients are given as r2–values. Due to a non-normally
distributed sample population within clusters, the statistical
significance of any differences in Hg between clusters was
evaluated using an independent-sample Kruskal-Wallis test
with the significance level set to 0.05. Prior to PCA and
cluster analysis all data (also the PCFTIR scores) were con-
verted to Z-scores (with average = 0 and variance = 1).
2.4.1. Cluster Analysis
[19] The observations (sample locations) are grouped into
distinct clusters based on their geochemical composition.
This makes it easier to identify the general patterns in sedi-
ment distribution in the lake, and to look beyond individual
sample locations and individual variables. A geochemical
data set, consisting of the WD-XRF data and the C, N,
inferred BSi and bulk density, was subjected to a hierarchi-
cal agglomerative cluster analysis using Wards linkages
[Ward, 1963] based on squared Euclidean distances; a
solution of 5 clusters was selected to represent the data.
2.4.2. Principal Component Analysis
[20] FTIRS produce a large quantity of data – 1738 spectral
absorbance points – for each sample and because our inten-
tion is to use the FTIRS data together with the WD-XRF data
in subsequent principal component analysis (PCA), there is a
need to reduce the number of variables (otherwise the FTIRS
data will totally dominate the PCA), but still retain as much
as possible of the information regarding the sediment com-
position. This was achieved by first subjecting the FTIRS
data alone to a PCA (PCAFTIR). In this initial PCA we
extracted variables with eigenvalues > 10, and used a Var-
imax rotated solution, which resulted in the extraction of six
principal components (PCFTIR) explaining 98% of the total
variance.
[21] The scores of the six PCFTIR were then used as vari-
ables, together with the WD-XRF elemental data, water
depth, basin slope, inferred BSi, C, N, total-Hg and methyl-
Hg data, in two separate PCAs. The first was done using all
83 sample locations, but excluding methyl-Hg as a variable
(PCAAll), while the second included only the reduced set of
35 locations where both tot-Hg and methyl-Hg were mea-
sured (PCARed). In both PCAs all components with eigen-
values > 1 were extracted using a Varimax rotated solution
[Kaiser, 1958]. This type of rotation reduces the number of
1Auxiliary materials are available in the HTML. doi:10.1029/
2012JG001992.
components used to explain each variable and results in
cleaner, and more easily interpreted, factor loadings. Factor
loading coefficients (loadings) were calculated as regression
coefficients, which is analogous to r in Pearson correlations.
For convenience the loadings are reported as percent of
variance explained, i.e., as squared loadings. For all PCs,
variables with loadings less than 15% were considered to be
insignificant with respect to that PC, and hence, they are not
further discussed in relation to that particular PC.
3. Results and Discussion
3.1. Sediment Geochemistry
[22] If some shallow locations with very low organic
content are excluded the sediments of Stor-Strömsjön are
relatively rich in organic matter (8.2% C, excluding cluster-1
locations). However, when subjected to cluster analysis, five
different types of sediments, with different geochemical
characteristics, can be identified (Table 1 and Figure 2).
Together with the statistical association between different
elements identified by the PCA’s, this allows for making an
interpretation of the major factors affecting sediment distri-
bution in Stor-Strömsjön.
3.1.1. The PCAs
[23] For the whole 83-sample data set (PCAAll) seven
principal components (PCAll 1–7) were extracted, which
together explain 89% of the total variance in sediment
composition (Figure 3). In the reduced 35-sample PCA
(PCARed) six PCs were extracted (PCRed 1–6), also
explaining 89% of the total variance (Figure 4). The general
patterns in PCAAll and PCARed are very similar, especially
for tot-Hg, which indicates that the 35-sample sub-set
selected for methyl-Hg analysis is representative for the
whole-lake data set (83 locations). Here follows a short
description of the seven PCAll. Because the first three PCs
are basically the same for both PCAAll and PCARed, no dif-
ference is made between PCAll 1–3 and PCRed 1–3. For the
remaining four (or three) PCs, they will be introduced using
the order in which they appear in PCAAll, with a reference to
the corresponding PCRed.
3.1.1.1. PC-1: Mineral Composition
[24] The first PC (explaining 33 and 34% of total variance
for PCAll and PC Red, respectively) separates the sediment
matrix into two minerogenic fractions. Positive loadings
represent high concentrations of elements generally associ-
ated with silicate minerals (Mg, Al, Rb, K, Ti, Sr, Zr, Si),
and thus, it indicates samples rich in silicates. Negative
loadings represent higher concentrations of Fe, As, Mn, Zn
together with C and Br. This is consistent with negative PC-
1 scores being indicative of samples rich in Fe-/Mn-pre-
cipitates, which are known to often contain trace metals and
organic matter due to co-precipitation during their formation
Table 1. Minimum, Maximum and Whole-Lake Average Concentrations for All Variables Analyzed With WD-XRF, FTIRS-Inferred
BSi, Bulk Density (B.D.), C, N, Water Depth (W.D.) and Slope
Variable Unit
Whole-Lake Values Cluster Averagea
Min Max Average 1 (n = 9) 2 (n = 10) 3 (n = 22) 4 (n = 22) 5 (n = 20)
Na ppm 1716 10714 3777 6741 5383 2894 3921 2452
Mg ppm 2702 9303 6058 6827 8626 5239 6722 4598
K ppm 3234 8837 5887 7556 8186 5017 6380 4402
Ca ppm 4569 13362 7550 10759 8727 6977 7629 6059
Al % 1 2.7 1.8 2.2 2.5 1.6 2 1.4
Si % 15.6 30.8 23.2 26.6 24.8 18.2 23.6 26
Ti ppm 955 3440 2310 2993 3197 1925 2519 1754
Fe % 1 11.4 5.3 2.4 3.1 8.7 4.6 4.8
Mn ppm 445 59542 9586 2602 2359 20760 6774 7142
Ba ppm 295 1995 1210 1663 1710 1198 1122 864
Rb ppm 31 120 70 91 107 53 77 55
Sr ppm 49 207 94 157 124 77 96 70
Sc ppm 4 11 7 9 10 6 8 6
Y ppm 13 28 21 25 25 18 22 20
Zr ppm 76 390 143 257 183 114 143 106
S % 0.03 0.14 0.08 0.06 0.06 0.06 0.08 0.1
P ppm 75 1360 440 288 410 439 535 422
Cl ppm 57 158 102 90 93 94 104 119
Br ppm 3 30 15 8 11 15 15 21
As ppm 0 185 64 21 16 118 48 64
Cu ppm 4 18 12 8 16 9 14 14
Zn ppm 43 236 123 77 132 136 122 127
Pb ppm 0 36 23 20 26 17 22 29
Ni ppm 12 39 23 20 31 22 25 21
V ppm 36 79 58 57 74 54 64 48
Cr ppm 63 921 228 203 129 362 199 172
BSi % 0.04 24.5 10.4 5 7.2 6.9 9.9 18.6
B.D. g cm3 0.038 0.591 0.095 0.209 0.097 0.099 0.067 0.07
C % 1.6 11.9 8 5.6 6.8 7.5 8.4 9.7
N % 0.1 1 0.6 0.4 0.5 0.5 0.6 0.8
W.D. m 0.6 11.4 3.9 2.3 7.2 3.5 4.7 2.1
Slope  0 17.4 1.0 0.8 0.3 2.2 0.5 0.8
aListed are also the averages values for each of the variable for each of the 5 clusters defined in Figure 2. For the cluster averages: italics denote values
above whole-lake average (>10% above); boldface denotes values close to whole-lake average (10%); and nonbold, nonitalic entries are values below
whole-lake average (>10% below).
[Deer et al., 1992; Du Laing et al., 2009; Guo et al., 1997].
That PCFTIR-1 loads together with Fe, As, Mn and Zn and
orthogonally to Si, is consistent with the FTIR spectra,
where locations with negative PCFTIR-1 have high spectral
intensities in regions important for Si (e.g., a large peak
centered at 1000 cm1 [Ellerbrock et al., 1999]).
3.1.1.2. PC-2: Organic Matter
[25] For the second PC (explaining 21% of total variance
for both PCAll and PC Red), elements that are either a part of,
Figure 2. A dendrogram showing the relationship between
the five clusters identified in the cluster analysis (left), and
the spatial distribution of the different clusters across the
lake basin (right). Contour intervals are 4 m.
Figure 3. Combined score- and loading-plots for PCs 1–6
depicting how different variables and samples relate to each
other in the ordination space as defined by PCAAll (PCA
using all 83 samples, but excluding MeHg; PC-7 not shown;
cf. Figure 4). In brief, PC-1 is related to mineral composition
(Fe/Mn-precipitates versus silicate minerals), PC-2 is related
to the amount of organic matter, PC-3 relates to the mineral
matter grain size and PCAll-6 is related to water depth (the
actual process behind PC-4 and 5 is less clear). Total-Hg plots
mainly on the positive side of PC 2 and 3 (indicated by squared
boxes), indicating that high total-Hg concentrations can be
linked to higher amounts of organic matter and/or fine-grained
mineral matter. The five different clusters represent samples
characterized by: (1) coarse-grained minerogenic sediments with
very low organic content, (2) fine-grained minerogenic sedi-
ments with low organic matter content, (3) Fe/Mn-precipitates,
(4) a composition close to the whole-lake average and
(5) higher organic matter content. To make the figures more
legible all variables with PC-loadings of less than 0.39 for both
plotted PCs have been removed and overlapping elements
have been moved to the edge of the plot with lines marking
their actual location.
or are strongly associated with, organic matter have positive
loadings (C, N, Cl, Br, S, BSi, Pb, Cu, Hg) together with
PCFTIR-2. FTIR spectra from locations with positive PCFTIR-
2 scores show high spectral intensities in regions important
for organic matter and BSi (e.g., 1100, 1300–1750 and
2800–3000 cm1 [Gendron-Badou et al., 2003;Mecozzi and
Pietrantonio, 2006]. On the negative side of PC-2 we find
bulk density together with some of the major constituents of
minerogenic material (Ca, Al). However, PC-2 is not merely
a measure of the organic matter concentrations (e.g., some of
the C is associated with PC-1); it also tends to separate dif-
ferences in organic matter quality. This is indicated by the
positive loading for BSi – which mostly originates from
algal material with high carbon quality, as compared to ter-
restrial organic matter – and a negative bivariate correlation
between the PC-2 scores and C:N-ratio (r2 = 0.44). The C:N-
ratios can be seen as a proxy for organic matter quality with
low C:N values (4–10, atomic ratio) indicating fresh organic
matter mostly produced within the lake and high values
(>20) representing more degraded organic matter of terres-
trial origin [Meyers and Teranes, 2001]. That Si loads on the
positive side of this component can be explained by BSi
being a significant part of the total Si-pool in Stor-
Strömsjön.
3.1.1.3. PC-3: Mineral Matter Grain Size
[26] In the third PC (explaining 12 and 13% of total vari-
ance for PCAll and PCRed, respectively) there is a split
between water depth, some trace elements (Ti, K, Rb, Hg,
Cu, Ni, V) and Mg on the positive side, and bulk density on
the negative. On the positive side of the loading plot we also
find PCFTIR-3. We suggest that PC-3 separates between
coarse- and fine grained minerogenic sediments, because
elements known to be enriched in the fine-grained clay
Figure 4. Combined score- and loading-plots for PCs 1–6
depicting how different variables and samples relate to each
other in the ordination space as defined by PCARed (PCA
using only 35 samples, but all variables including MeHg;
cf. Figure 3). In brief, PC-1 is related to mineral composition
(Fe/Mn-precipitates versus silicate minerals), PC-2 is related
to the amount of organic matter, PC-3 relates to the mineral
matter grain size and PCRed-5 is related to water depth and
possibly anoxia (the actual process behind PC-4 and 6 is less
clear). Total-Hg plots mainly on the positive side of PC 2 and
3 (indicated by squared boxes), indicating that high total-Hg
concentrations can be linked to higher amounts of organic
matter and/or fine-grained mineral matter (cf. Figure 3).
Methyl-Hg is mainly associated with PCRed-5, but also to
some extent to PC-2 (indicated by ellipses). This indicates
that the main factor controlling methyl-Hg is water depth
and that organic matter content is of only limited importance.
The five different clusters represent samples characterized
by: (1) coarse-grained minerogenic sediments with very
low organic content, (2) fine-grained minerogenic sediments
with low organic matter content, (3) Fe/Mn-precipitates, (4) a
composition close to the whole-lake average and (5) higher
organic matter content. To make the figures more legible all
variables with PC-loadings of less than 0.39 for both plotted
PCs have been removed and overlapping elements have been
moved to the edge of the plot with lines marking their actual
location.
fraction, for example, Ti, K and Rb, [Koinig et al., 2003;
Taboada et al., 2006], have positive loadings, while bulk
density, which is favored by a coarser grain size, has a
negative loading. That water depth plots on the positive side
would be consistent with the general model for sediment
focusing, where fine-grained material tends to accumulate in
deeper waters [Håkanson and Jansson, 1983]; and a finer
grain size would give a larger negatively charged surface
area, as compared to coarser-grained material, and thus a
greater ability to adsorb trace metals such as Hg, Cu, Ni and
V [Stone and Droppo, 1996].
3.1.1.4. PCs 4 to 7
[27] PCAll-4 (PCRed-6; both accounting for 7% of total
variance) is mainly driven by changes in Cr and Mn, which
both have a strong positive loading (for PCRed 6 also PCFTIR-
6 is a strong driver). For PCAll-5 (PCRed-4; 6 and 7% of total
variance, respectively), P and Zn are the main drivers. PCAll-
6 (PCRed-5; 5 and 7% of total variance, respectively) is driven
by water depth, which has a positive loading, and PCFTIR-5,
which has a negative loading. In PCRed-5 methyl-Hg also
plots on the positive side, together with water depth and S.
For PCAll-7 (4% of total variance) the driving variables are
PCFTIR-6, with a positive loading, and basin slope, with a
negative loading. PCRed-6 represents a combination of PCAll-
4 and PCAll-7, and has positive loadings for Cr, Mn and
PCFTIR-6, and a negative loading for basin slope.
3.1.2. Spatial Patterns in the Sediment Geochemistry
[28] The surface sediments from shallow locations close to
the major inlet in the northwestern basin and minor inlets in
the southwestern basin (cluster 1) have higher than whole-
lake average concentrations of major elements (e.g., Na, Mg,
K, Ca, Al, Si), higher bulk density and low trace metal and
organic matter concentrations (Table 1 and Figure 2). Taken
together with the positive PC-1 and negative PC-2 and PC-3
scores, this indicates coarser-grained minerogenic sediments
mainly consisting of silicate minerals (Figures 3 and 4). This
shows, as would be expected, that the inlets – particularly
the main inlet – are major sources for silicate minerals to
Stor-Strömsjön, and that the lighter fraction is depleted in
these shallow areas due to water action [Håkanson and
Jansson, 1983].
[29] In the deeper areas of the northwestern basin (cluster 2)
the surface sediment has similar concentrations for major
elements as compared to cluster 1. Hence, cluster-2 locations
plot on the positive side of PC-1 and negative side of PC-2,
indicating that they consist of the same type of silicate
minerals as cluster 1 (Table 1 and Figures 2–4). However, the
surface sediments within cluster 2 have positive PC-3 scores
and are enriched in several trace metals (i.e., Hg, Cu, Pb, Ni,
V), which suggests a more fine-grained material. This would
comply with a transport of fine-grained material from shal-
lower to deeper areas of the northwestern basin [Håkanson
and Jansson, 1983]. That fine-grained minerogenic rich
sediment (cluster 2) is mainly confined to the deep areas of
the northwestern basin – as opposed to the more organic rich
sediments found in the southwestern (cluster 4) and eastern
(cluster 5) basins – supports the idea that the main inlet,
which drains 64% of the lake’s catchment, is the main sup-
plier of silicate mineral material to the lake.
[30] Along the shorelines of the two western basins
(cluster 3) the surface sediments are generally rich in Fe and
Mn, and have negative PC-1 and PC-2 scores and plot in the
middle of PC-3 (Table 1 and Figures 2–4). This indicates a
material high in Fe/Mn-minerals, which also is consistent
with the presence of visually identifiable grains of Fe/Mn-
precipitates in these samples. That the majority of the cluster-
3 locations are found at water depths of 2.4–4 m suggests that
the redox conditions in this depth zone – for example, during
summer/winter stratification – favor the formation of Fe and
Mn precipitates [Stumm and Morgan, 1996]. However, it is
also possible that the distribution is linked to inflowing deep
groundwater rich in reduced Fe- and Mn-species in these
areas [Stumm and Morgan, 1996].
[31] Surface sediments from locations found in the deepest
part of the lake, i.e., in the southwestern basin and in the
southern end of the eastern basin (cluster 4), have a com-
position close to the whole-lake average for most elements,
and consequently plots in the middle of PC-1, PC-2 and PC-
3 (Table 1 and Figures 2–4). A lower relative amount of
mineral material in the deep areas of the southwestern, as
opposed to the northwestern, basin is consistent with the
assumption that silicate mineral material mainly is supplied
through the main inlet. For the eastern basin there is a higher
input of mineral material to the southern part, as opposed to
the northern part, of the basin as a result of water currents
transporting mineral material from the western basin toward
the outlet.
[32] Locations with surface sediments with higher than
average concentrations of organic matter (cluster 5) are
generally found in the northern half of the eastern basin, and
plot to the positive side of PC-2 and in the middle of PC-1
and PC-3 (Table 1 and Figures 2–4). In-lake production,
either pelagic or benthic, is likely an important source of this
organic matter given the high concentration of BSi, probably
from diatoms. However, the C:N ratio is higher (11–14) than
for pure algal material (4–10), and even if differences in
nitrogen cycling can affect the C:N-ratio, this indicates that
there is also a contribution of terrestrial organic material,
presumably through small inlets draining mire areas located
north of and along the shores of the eastern basin [Meyers
and Ishiwatari, 1993].
[33] Taken separately, each of the three sub-basins com-
plies relatively well to the generalized model of sediment
focusing [Blais and Kalff, 1995; Håkanson and Jansson,
1983]. However, on a whole-lake basis there is no correla-
tion between, for example, water depth and organic matter. It
is also clear that several locations deviate from the within-
basin patterns. This suggests that there is an influence of the
catchment properties in the immediate vicinity of these
locations [cf. Korsman et al., 1999]. For example, a number
of small inlets along the western shore of the northwestern
basin, a couple of small mires located near the shore of the
southwestern basin and agricultural fields located just east of
the eastern basin.
3.2. Total- and Methyl-Hg
[34] For the 83 locations total-Hg concentrations range
from 12 to 140 ng g1, with a whole-lake average of 96 ng
g1 (Table 2 and Figure 5). Total-Hg inventories (i.e., the
amount of total-Hg in the top 2 cm per unit area) in the
surface sediment also show considerable variation, between
18 and 81 mg m2, with a whole-lake average of 39 mg m2.
In the sub-set of 35 locations, methyl-Hg concentrations
vary between 0.07 and 2.45 ng g1 (whole-lake average,
0.70 ng g1; Table 2 and Figure 5), and methyl-Hg inven-
tories range from 0.11 to 1.37 mg m2 (whole-lake average,
0.30 mg m2). The methyl-Hg:total-Hg ratio (MeHg:TotHg)
varies between 0.2 to 3.3%, with an average ratio of 0.79%
for the whole lake.
3.2.1. Total-Hg in Surface Sediments of Stor-Strömsjön
[35] In both PCAAll and PCARed two principal compo-
nents, together explaining 70% of the total-Hg variance,
are of almost equal importance for explaining total-Hg
concentrations in surface sediments from Stor-Strömsjön
(Figures 3 and 4). One PC is associated to organic matter
(PC-2; 34 and 43% for PCAAll and PCARed, respectively)
and the other to fine-grained mineral matter (PC-3; 36 and
33% for PCAAll and PCARed, respectively). That such a
large part of total-Hg is statistically associated with mineral
matter is interesting, and partly contradicts the general
assumption that total-Hg in the boreal landscape is almost
exclusively controlled by organic matter [Meili, 1991;
Ullrich et al., 2001]. Even so, the capacity for mineral par-
ticles to adsorb Hg is well documented [Gabriel and
Williamson, 2004; Schuster, 1991], especially if the min-
eral grains are coated with organic substances, for example,
Table 2. Minimum, Maximum and Whole-Lake Average for Total-Hg Concentration, Total-Hg Inventory, Methyl-Hg Concentration,
Methyl-Hg Inventory and MeHg:TotHg Ratio
Unit n
All Sample Locations Cluster Averagea
Min Max Average 1 2 3 4 5
Tot-Hg ng g1 83 11.7 137 95.9 46b 109 87b 107 109
Tot-Hg-Acc mg m2 83 18 81 39 38 53b 36 35 38
MeHg ng g1 35 0.07 2.45 0.70 0.72 0.75 0.42 0.92 0.71
MeHg-Acc mg m2 35 0.11 1.37 0.30 0.67 0.32 0.19 0.29 0.25
MeHg:Tot-Hg % 35 0.20 3.3 0.79 1.6 0.7 0.5 0.8 0.7
aAverages are also calculated for each of the five clusters defined in Figure 2. For the cluster averages: italics denote values above whole-lake average
(>10% above); boldface denotes values close to whole-lake average (10%); and nonbold, nonitalic entries are values below whole-lake average (>10%
below).
bClusters with average values that differ from all other clusters with statistical significance.
Figure 5. The spatial distribution of total-Hg concentration, total-Hg inventories, methyl-Hg concentra-
tion, methyl-Hg inventories and methyl-Hg:total-Hg ratio. Ranges for the symbol classes are defined using
natural breaks in the sample distribution (as defined by ArcGIS; www.esri.com). To make it easier to
relate the spatial distribution of the Hg data it has been overlain on the cluster map from Figure 2. Contour
intervals are 4 m.
fulvic acids [Bäckström et al., 2003]; and a strong connec-
tion between fine-grained mineral matter and total-Hg con-
centrations is reported from studies conducted in areas
outside of the boreal region [Roulet et al., 2000; Yin and
Balogh, 2002].
[36] If the spatial patterns of total-Hg in surface sediments
are studied based on the cluster analysis it is interesting to
note that there are no significant differences in total-Hg
concentrations between clusters 2, 4–5, even if the sediment
composition is different (more minerogenic, intermediate
and more organic, respectively). This suggests that, even
though the two PCs that are equally important for explaining
total-Hg on a whole-lake basis, they have a different relative
importance in different parts of the lake. This can be asses-
sed by looking at the bi-variate correlation between total-Hg
versus C (a proxy for organic material) and total-Hg versus
PC-3 scores (the grain-size related PC), which provide an
assessment of the predictive power of C and PC-3, respec-
tively, for total-Hg concentrations. If all sample locations are
included in the correlation analysis, the regression line has
an r2 of 0.44 and 0.35 for total-Hg versus C and total-Hg
versus PC-3, respectively. However, if the cluster-2 locations
– sediments rich in fine-grained mineral material – are
removed from the total-Hg versus C correlation then the r2
increases from 0.44 to 0.58. And similarly, if the cluster-5
locations – sediments rich in organic matter – are removed
from the total-Hg versus PC-3 correlation the predictive
power of fine-grained mineral material increases from 0.35 to
0.55. These spatial patterns support the notion from the PCA
that both organic matter and fine-grained mineral matter are
important transport vectors for total-Hg into and within Stor-
Strömsjön. The main transport route for mineral bound total-
Hg likely is through the main northern inlet, whereas the
origin of the organically bound total-Hg can be linked to two
separate, but intertwined, processes. First, total-Hg can be
transported to the lake along with terrestrial organic material
from the catchment, both through the main inlet but maybe
more importantly from the smaller inlets draining mire areas
in close proximity to the lake (e.g., around the northern side
of the eastern basin). Second, Hg atmospherically deposited
directly on the lake surface can bind and settle with organic
matter in the water column [Hines and Brezonik, 2007; Meili,
1991; Outridge et al., 2007].
[37] For total-Hg concentrations organic matter and fine-
grained mineral material are of equal importance, but if the
total-Hg inventories (i.e., the amount of tot-Hg in the upper
most 2 cm) is considered, the most important transport route
for total-Hg is likely together with fine-grained mineral
material entering the lake through the main inlet. This idea is
supported by cluster 2 having significantly higher total-Hg
inventories as compared to other clusters (Table 2). That an
increased catchment to lake area ratio increases the total-Hg
loading is well known from other studies, for example,
Swain et al. [1992], but it is interesting that the difference
between the eastern and northwestern basins – where the
northwestern basin has a considerably larger catchment to
lake area ratio – might be linked to differences in the sedi-
ments geochemical composition.
[38] Total-Hg in hypolimnic waters and sediments has
previously been linked to other elements, for example, Fe
and Mn [Chadwick et al., 2006; Regnell et al., 2001].
However, in the case of Stor-Strömsjön no such links could
be made, possibly due to the large differences in mineralog-
ical composition between sampling locations – for example,
very high concentrations of Fe/Mn-precipitates in some
locations – which might cloud any such relationship present
in deeper, more anoxic waters.
3.2.2. Sediment Distribution of Methyl-Hg
[39] Whereas total-Hg concentrations are largely con-
trolled by a combination of organic and fine-grained mineral
matter (PC-2 and PC-3), most of the variance in methyl-Hg
concentrations (55%) is explained by PCRed-5 (PCAll-6).
Other variables plotting on PCRed-5 are water depth (39%),
S (16%), and PCFTIR-5 (67%). A smaller part, 20%, of the
methyl-Hg concentration is associated with PC-2 (organic
matter), which also is important for C (66%), total-Hg (45%),
S (52%), BSi (44%) and PCFTIR-2 (91%). However, even if
both C and total-Hg are correlated to the same PC as methyl-
Hg they are not necessarily directly correlated to methyl-Hg.
If the variance in methyl-Hg explained by PCRed-5 is removed
(i.e., calculating the residuals; Res-MeHg), there is no bivari-
ate correlation between either Res-MeHg and C or total-Hg
(p-values of 0.068 and 0.151, respectively). Both for C and
total-Hg there are examples of studies in support of both a
poor and good correlation between methyl-Hg and these
variables; Lambertsson and Nilsson [2006] and Ethier et al.
[2010] found good correlations between methyl-Hg and C,
while, for example, He et al. [2007] found the opposite pat-
tern. For methyl-Hg and total-Hg, Ethier et al. [2010] also
found a good correlation with total-Hg, but Benoit et al.
[2003] reported a poor correlation.
[40] That methyl-Hg is mostly associated to PCRed-5, which
only accounts for 5% of the total variance in sediment com-
position, indicates that sediment geochemistry is not critically
important for the spatial distribution of methyl-Hg in surface
sediments from Stor-Strömsjön. This results in a much larger
spatial variability in methyl-Hg as compared to total-Hg
(Figure 5). It is also reflected by the fact that there are no sig-
nificant differences in methyl-Hg concentrations between
clusters 1–2 and 4–5 (Table 2), and that the four highest methyl-
Hg concentrations are found in locations with contrasting sur-
face sediment types; i.e., deep locations rich in both fine-
grained mineral matter and organic matter (2.45 and 1.65 ng
g1; cluster 4), a shallow location with organic rich sediments
(1.20 ng g1; cluster 5) and a shallow location with coarse-
grained minerogenic sediments (1.15 ng g1; cluster 1).
[41] Based on these results together with knowledge on
the behavior of methyl-Hg and S, it is possible to at least
speculate on the controlling mechanisms behind the patterns
in methyl-Hg concentrations observed in surface sediments
from Stor-Strömsjön. Most of the variance in methyl-Hg
concentrations is linked to water depth – which in a dimictic
lake could be seen as a proxy for anoxia, which has been
shown to be important for methyl-Hg [Benoit et al., 2003;
Grigal, 2003; He et al., 2007] – and a fraction (16%) of the
S – i.e., an element that is important for methylating sulfur
reducing bacteria (SRB) [Benoit et al., 2003; Ullrich et al.,
2001]. This suggests that in situ production of methyl-Hg,
possibly by SRBs stimulated by anoxia and S, are important
for the distribution of methyl-Hg concentrations in Stor-
Strömsjön, at least on a whole-lake basis. The co-variation
between S and methyl-Hg could also arise simply because
S-groups are of importance for the binding of methyl-Hg to
organic matter [Qian et al., 2002]. However, if this were the
case we would expect that organic matter also would load on
PC-5 (or that a higher portion of the methyl-Hg variation
would be explained by PC-2). In fact most of the S (52%),
which presumably represents organically bound S, loads on
PC-2 (i.e., organic matter), but this PC still only accounts for
a smaller part of the methyl-Hg (20%).
[42] Even if PCRed-5 is the most important PC for methyl-
Hg concentrations, it still only accounts for 55% of the total
variance. A part of the remaining variance (20%) is accoun-
ted for by PC-2 and organic matter. This association could be
due to at least two different processes. One possibility is that
the association between methyl-Hg and PC-2 arises from a
transport of methyl-Hg from the catchment to the lake,
something that is known to be important in some systems
[Branfireun et al., 2005]. However, higher PC-2 scores do
not only indicate more organic matter, they also indicate a
lower C:N ratio, and thus a higher content of algal material
which is a better substrate for bacterial growth as compared to
terrestrial organic matter [Gudasz et al., 2012]. That methyl-
Hg is actually more associated with the quality of carbon than
the quantity is also reflected as a weak bivariate correlation
between residual methyl-Hg (after removing the explanatory
power of PCRed-5) and BSi (r
2 = 0.20). Hence, the other
possible explanation – and maybe the more likely one based
on this data set – is that, in addition to the methylation
pathway stimulated by water depth (anoxia) and S, there is a
second methylation pathway, which is controlled by organic
matter quality. A recent paper by Hamelin et al. [2011] also
stresses that not only SRBs, but also other microorganisms
such as methanogens in shallow waters might be important
for the methylation of Hg.
[43] However, even if both PCRed-5 and PC-2 are con-
sidered this still leaves about 25% of the total variance in
methyl-Hg not accounted for. This would imply that there
are additional factors, and additional variables, that are
important for methyl-Hg distribution in Stor-Strömsjön.
These might include the supply of terrestrially produced
methyl-Hg, sulfur/Hg-speciation, pore water concentrations
of Hg and S, groundwater inflow, microbial activity, deme-
thylation rates and temperature.
[44] As with total-Hg, some spatial patterns emerge when
methyl-Hg is viewed in the light of the two most important
PCs. The predictability of PCRed-5 is reasonably good
throughout the lake, but it tends to underestimate the methyl-
Hg concentrations in the organic rich sediments of cluster 5
and the two deepest locations within cluster 4 (i.e., the two
locations in the western basin with the highest scores on PC-2).
If the predictability of PC-2 is assessed in relation to the Res-
MeHg (with the effects of water depth and S removed), the
performance is better for the cluster-5 locations, but there is
still a tendency to underestimate methyl-Hg in the two dee-
pest locations and in locations within cluster 1. This suggests
that the PCRed-5, and any process behind this PC, is valid
throughout the lake, and that PC-2, and the possible link
between methyl-Hg and organic matter quality, is most valid
for the sediments of cluster 5. That a part of the unaccounted
variance is constrained to shallow locations with highly
minerogenic sediments indicates that variables other than
those considered in this study are of importance in that par-
ticular type of sediment.
[45] For MeHg:THg ratios and methyl-Hg inventories, as
compared to concentrations, the within cluster heterogeneity
is even larger and none of the clusters are significantly dif-
ferent from the others. Even so, the highest MeHg:THg
ratios and methyl-Hg inventory were found within cluster 1,
which also has the highest within-cluster average. All other
clusters are close to or slightly below the whole-lake average
for methyl-Hg inventories (Table 2 and Figure 5). That the
highest inventory of methyl-Hg, and MeHg:TotHg, is found
in a shallow location with coarse-grained minerogenic
sediments is interesting, and is consistent with what Ethier
et al. [2010] found in three North American lakes. A large
amount of methyl-Hg present in surface sediments in the
shallow oxic zone might be an important factor to consider
when assessing the bioavailability of methyl-Hg.
4. Conclusions
[46] In Stor-Strömsjön70% of the spatial variance in total-
Hg concentrations in surface sediments is controlled by the
sediment composition, either by the organic matter content or
the amount of fine-grained minerogenic material. This empha-
sizes that not only organic matter needs to be considered when
assessing spatial as well as temporal changes in total-Hg
concentration in sediments from boreal lakes. For methyl-Hg
our interpretation is that in situ methylation is of greatest
importance for the observed patterns; however, further studies
are needed to better constrain the underlying processes. The
other take home message from this study is that there can be
significant spatial variability in both concentrations and
inventories, especially for methyl-Hg. This is important to
recognize both when sediments are used to calculate whole-
lake burdens of Hg, and when using concentrations or inven-
tories from single sediment cores to compare different lakes.
[47] Our study also shows that the combination of WD-
XRF and FTIRS – two rapid, data-rich analytical techniques –
has a large potential for distinguishing different sediment
quality, and that these techniques can help to improve our
understanding of how elements are distributed in lake basins
and what underlying mechanisms account for these distribu-
tions. With further development of, for example, calibration
models such as for BSi, the FTIRS technique can prove to
become evenmore valuable for biogeochemical studies. Being
fast and relatively inexpensive both WD-XRF and FTIRS can
also be used to identify interesting patterns in large sample
sets, and thereby provide the means to reduce the number of
samples needed to be analyzed with more expensive and time
consuming techniques, for example, potential methylation,
microbial activity, which are needed to more fully understand
the behavior of total- and methyl-Hg.
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